Objective: Identify characteristics associated with hospital readmission due to bacterial respiratory tract infections (bRTI) after tracheotomy. wileyonlinelibrary.com/journal/ppul
| Study population
We identified all patients aged 0-17 years that underwent tracheotomy at one of the 48 PHIS participating hospitals and discharged with tracheostomy in place between January 1, 2007 and December 31, 2013 with at least one follow-up visit in the PHIS database. We identified tracheotomy by using International Classifi-
cation of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
procedure codes (30.3, 30.4 
| Main outcome measure
The first bacterial respiratory tract infection-related (bRTI) hospital readmission following index hospitalization was identified in patients with all three of the following:
1. An ICD-9-CM diagnosis code consistent with tracheostomy status;
2. An ICD-9-CM code consistent with a primary diagnosis of bRTI or a primary diagnosis of a symptom of a RTI or viral infection with a secondary diagnosis of bRTI (Supplementary E- Table S1 ; online);
and,
3.
Receipt of antibiotics on hospital day 0 or 1.
Tracheostomy status was identified by using ICD-9-CM codes (V44.0, V55.0, 519.00, 519.01, 519.02, and 519.09) used in previous studies examining tracheostomy outcomes with administrative data. 1, 3, 10 We used the tracheostomy diagnosis code as a criterion for subsequent respiratory infection hospital readmissions. This was to minimize including patients that underwent decannulation at a non-PHIS hospital and who were readmitted for a bRTI but did not have a current tracheostomy in place. bRTI were identified by modifying strategies based upon previous PHIS work in ICD-9-CM codes for bacterial pneumonia and aspiration pneumonia; [11] [12] [13] [14] [15] [16] given the patient population, we also added acute tracheitis (464.1x) codes.
Administration of antibiotics was identified on hospital day 0 or 1 using billing data. We assessed all subsequent discharges through December 31, 2014 for meeting our outcome criteria, making the maximum follow-up period 7 years for the cohort.
| Patient demographic characteristics
We assessed the association of several patient demographic characteristics on the likelihood of bRTI hospital readmission, including admission age at tracheotomy hospitalization (<30 days, 30 days-12 months, 1-4 years, 5-12 years, and 13-17 years), race/ ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, and other), payer status (private, government, and other). We also assessed discharge disposition (home [with or without home nursing] vs post-acute care facility) and discharge quarter of the year (January-March, April-June, July-September, and
October-December) to account for possible differences in bRTI hospitalization rates in the winter months.
| Patient clinical characteristics
We used ICD-9-CM codes previously used in pediatric tracheotomy studies using administrative data to identify indications for tracheot- 3 | RESULTS
| Study population
Of the 9314 unique patients discharged alive with a tracheostomy tube, 8009 (86.0%) were retained for analysis with a least one followup visit after discharge from the index hospitalization where tracheotomy occurred (Figure 1 ). The cohort was primarily male (n = 4618, 57.7%), White (n = 3873, 48.4%), and with government insurance (n = 4940, 61.7%; Table 1 ). Over 58.9% (n = 4715) were 
| Discharge characteristics and bRTI hospital readmission
While not associated on unadjusted analysis, when controlling for other variables, discharge to home, when compared to post-acute care facility, was associated with increased hazard for hospital readmission for a bRTI (aHR = 1.2; 95%CI 1.1-1.3). There was no differential association between discharge location and bRTI hospital readmission risk, as the interaction term for ventilator dependency, and discharge to a post-acute care facility was not significant (P = 0.99). Discharge season was not associated with bRTI hospital readmission on unadjusted or adjusted analyses (Table 2) . Other comorbidities associated with indication for tracheotomy (eg, upper airway obstruction, chronic lung disease) were not associated with hospital readmission for a tracheostomy-associated bRTI on unadjusted or adjusted analyses (Table 2 ).
| Clinical comorbidities and bRTI hospital readmission

| DISCUSSION
In this multicenter study of pediatric patients undergoing tracheotomy at freestanding U.S. children's hospitals, subsequent hospital readmission for a bRTI was common. Specific risk factors associated with The differential risk for Hispanic patients seen in our study may be influenced by differential access to consistent outpatient care, language barriers, or other factors. Previous literature has demonstrated health care disparities in Latino/Hispanic population, including that they are more likely to be uninsured or sporadically insured, 25, 26 less likely to have a usual source of care, 25, 26 and have decreased odds of having had a physician visit in the previous year. 25 Additionally, language barriers may impact quality of care, as previous literature has demonstrated that language is the single greatest barrier to care for Latino/Hispanic children, 27 and that Latino patients were most likely to need interpreters for communication with primary providers. 26 Further exploration of the intersection between demographic factors and subsequent bRTI hospital readmission risk in children undergoing tracheotomy is warranted to better understand these issues.
Findings of increased readmission risk for those discharged home, when compared to post-acute care facilities, complements additional emerging evidence that these post-discharge health services, such as increased access to sub-acute and skilled nursing facilities, might help prevent subsequent acute-care hospitalizations in children with medical complexity, particularly in patients posttracheotomy. 10 Previous studies have demonstrated that post-acute care use in pediatric patients is uncommon, even for CMC. 21, 28, 29 Additionally, Hispanic ethnicity has also been associated with decreased use of post-acute care facilities in pediatric patients. 21, 28, 29 Our results may support future research to examine the association between availability and use of post-acute care facilities to prevent future bRTI hospital readmissions in this patient population.
There are several reasons that might explain why specific medical comorbidities may be associated with differential risk bRTI hospital readmission. Through respiratory muscle weakness, impairment of the cough reflex, and restrictive lung disease caused by kyphoscoliosis, neuromuscular disease increases the risk of respiratory disease, aspiration and lung atelectasis. 30, 31 In children with neurological disorders, previous studies have demonstrated increased risk of respiratory-infection related hospitalizations, 32 respiratory failure, 33 and ICU admission. 34 In contrast, medical comorbidities associated with lower risk of readmission for a bRTI included lower risk congenital heart surgery repair during the index admission and chronic ventilator dependency. Although previous studies have demonstrated that congenital heart disease is associated with increased risk for in-hospital mortality after tracheotomy, 1 RACHS scoring was not used in these studies to evaluate the association between severity of congenital heart disease lesions, and mortality. We suspect that repair of lower- Perhaps the largest limitation of the current study the reliance on accurate coding of bRTIs in the PHIS database. To define our outcome of interest, we only labeled follow-up visits as due to a bRTI if they had appropriate ICD-9-CM codes and treatment with antibiotics used in previous studies. [11] [12] [13] [14] [15] [16] Unfortunately, PHIS does not provide any microbiology testing results and we are unable to detect bacterial culture or gram stain results, limiting our ability to assess for acute infection versus chronic colonization. We also recognize the possibility that our study may have misclassified some patients with viral respiratory infections as having bacterial respiratory tract infections.
However, in previous studies, the vast majority of the population included in the current study have a bacterial respiratory culture sent upon admission for a suspected bRTI, 16 
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